Perception CP has been related to the linguistic nature of the LH and converging evidence to support this hypothesis has been presented. So far all studies have used either the visual search task or the target detection task with most of these tasks involving a spatial decision about whether the target is on the left or the right. Current study extended the investigation to include two other types of tasks. First a search task that varied the number of distractors and second a visual search task with targets only present on half the trials and the task was to decide whether there was a target present or not. Forty native-English-speaking participated in this study. The pattern of LH colour CP was found on both of these tasks. This result has been established that LH colour CP is a solid phenomenon Index Terms-Left hemisphere, lateralization, categorical perception, visual search task, target detection task.
I. INTRODUCTION
The colour spectrum is a physical continuum but it is perceived discontinuously, as discrete categories or segments of hues [1] . This is part of an effect called Categorical Perception (henceforth, CP). CP is found when a continuum is divided into categories, and when these categories appear to affect discrimination. In operational terms, CP can be defined by faster and/or more accurate discrimination of pair of stimuli that cross a category boundary (across-category), than two stimuli from the same category (within-category), even when the stimulus differences between the pairs of stimuli are equal.
Evidence for CP has been reported on a wide range of colour perception tasks. For example, recognition memory and X-AB tasks, [2] - [6] same-different tasks [7] , [8] similarity judgments [3] , [9] and target detection and visual search tasks [10] - [13] To investigate the contribution of language to CP, recent studies have considered how the effect is lateralized, [14] - [17] . Gilbert et al. reasoned that, as the left hemisphere is dominant for most language functions, if colour CP is related to language it should be stronger in the LH. To test this, Gilbert and colleagues used a visual search task where targets were lateralised to the left or right visual field (LVF/RVF). Stimuli were shown in a display of twelve coloured squares in a clock shape; eleven of the squares (the distractors) were identical in colour, and one (the target) was different. The relationship between the distractors and the Manuscript received June 9, 2014; revised October 18, 2014. Abdulrahman Saud Al-Rasheed is with the Department of Psychology, King Saud University, Riyadh, KSA (e-mail: asalrasheed@ksu.edu.sa).
target stimulus was manipulated so targets and distractors were either from the same colour category (e.g., blue1-blue2 or green1-green2), or from a different colour category (e.g., blue1-green1 or green1-blue1). While looking at a central fixation cross, participants had to decide whether the target was to the left or to the right of fixation. Gilbert et al. found that RTs were faster when target and distractors were different categorically (blue1 among green1s) than when target and distractors were just perceptually different (blue1 among blue2s). However, this category effect was found only if the target was presented to the RVF. Gilbert et al. argued that this pattern of lateralisation was consistent with CP being due to the implicit use of language.
The first replication of Gilbert et al. [14] came from a re-analysis of a previous visual search study conducted by Daoutis, Pilling and Davies [12] . They used a visual search task that required the detection of a target colour amongst two kinds of distractors. A target was only present on half of the trials and the task was to decide as quickly as possible if the target was present. Although on target present trials, half the time the target appeared in the LVF and half the time in the RVF, in the original paper, the possibility of visual field effects had not been considered. A reanalysis including visual field as a factor showed a stronger categorical effect for targets appearing in the RVF than for those appearing in the LVF. Drivonikou and colleagues [18] then investigated whether lateralised CP would be found in a simplified version of Gilbert et al.'s search task, where there was a single target colour on a background of a different colour (see Franklin et al. [19] ). Participants had to detect a circular coloured target that appeared in one of 12 locations on a coloured background. The target and background were from either just perceptually different (e.g., blue1 among blue2s) or physically and categorically different (e.g., blue1 among green1s) with the target-background perceptual distances equated across conditions. The results showed that RTs were faster when target and background were categorically different, than when they were just perceptually different. This category effect was found in both visual fields, but was larger in the RVF than LVF. In the same study, Drivonikou et al. also tested the blue-purple category boundary, and again, a category effect was found in the RVF, but not this time, in the LVF.
There is also evidence that LH lateralised colour CP only occurs if the category boundary is marked in the language. Korean has a lexical boundary between yeondu (yellow-green) and chorok (green) that is not marked in English. Roberson et al. [16] compared English and Korean speakers using Gilbert et al.'s [14] visual search task where the target-distractor relationship was either within-yeondu or -chorok, or between yeondu and chorok. CP was shown by Korean participants but not English participants, but there was no visual field by category interaction (the usual signature of lateralised CP). However, dividing the Korean group into fast and slow responders, using a median split, revealed that CP was lateralised to the RVF-LH for fast responders, but was present in both VFs for slow responders. Roberson et al. suggested that for slow responders, there was sufficient time for information to be transferred from the LH to the RH across the corpus callosum allowing language to influence performance in both visual fields.
Another cross-cultural study by Drivonikou, Davies, Franklin and Taylor [18] compared hemispheric asymmetry in colour CP for three samples: Greeks, English and "Africans". The same target detection task as in Drivonikou et al. [16] was used. Greek and English were tested for a category effect across two Greek basic colour categories ble "dark blue" and galazjo "light blue" which is not marked in English. A category effect was found for Greeks but not for English; moreover, for Greeks, the category effect was lateralised to the LH. The same task was used to test English and African participants for a category effect across the English blue-green boundary that is not marked in the various languages spoken by the African group. A category effect was found for the English group but not for the African group and for the English group, it was stronger in the LH than the RH.
Lateralisation of colour CP to the LH has been also been investigated using functional magnetic resonance imaging fMRI [20] and the event-related potential (ERP) technique [21] . In Siok et al. Chinese participants" brain activity was scanned while they performed a visual search task. The task, procedure and design were the same as Gilbert et al.'s. [14] . There was stronger activity in the language regions of the brain (the posterior temporoparietal area, the middle temporal gyrus and the inferior prefrontal cortex) in the left cerebral hemisphere for across-than for within-category discriminations in the RVF. This was also associated with greater activation in visual cortex for across-than for within-category discriminations. Liu et al. [21] tested 12 adult Chinese on the same visual search task. N2pc (N2-posterior-contralateral) was used as an index of the attentionional demands of within-and across-category target-distractor relationships in the visual search task. The N2pc components in the LH were larger for the cross-category condition than for the within category conditions. So far, the LH bias in colour CP has been related to the linguistic nature of the LH and converging evidence to support this hypothesis has been presented. However, as, to date, no studies of lateralised CP have been conducted using other than either the visual search task of Gilbert et al. or the target detection task, with most of these tasks involving a spatial decision about whether the target is on the left or the right.
The aim of this paper is to establish whether the LH colour category effect is unaffected by seemingly small scale procedural variations. So far, all studies have used either the visual search task of Gilbert et al. or the target detection task, with most of these tasks involving a spatial decision about whether the target is on the left or the right. Experiment 1 and 2 extended the investigation to include two other types of tasks. First, a search task that varied the number of distractors. And second, a visual search task with targets only present on half the trials, and the task was to decide whether there was a target present or not, rather than decide the location of the target. The aim here was to see whether this colour search task exhibited "pop-out" [22] or "efficient search" [23] .
II. EXPERIMENT 1: HEMISPHERIC ASYMMETRIES IN COLOUR CP AND "POPOUT": THE EFFECT OF NUMBER OF DISTRACTORS
A previous study by Al-rasheed et al. [17] investigated whether the LH bias in colour CP was independent of reading direction. The results showed that lateralised CP was independent of habitual reading direction and broadly replicated previous results, [14] , [15] , [24] . Most tests of lateralised CP have used one or other of these tasks, and it is important to establish that the effect is independent of the detailed methods used. Here, we investigate first varying the number of distractors affects lateralised CP (Experiment 1) and then whether removing the spatial decision (left or right of fixation) affects lateralised CP (Experiment 2).
Most of the studies that tested the lateralised CP effect used tasks similar in design to the original study by Gilbert et al. [14] . In the next experiment (Experiment 1), the number of distractors was varied to test whether search time was independent of the number of distractors, indicating "pop-out" [22] , or that search was "efficient" [23] . If search was not efficient, then the pattern of lateralisation might interact with the number of distractors. In Experiment 2, targets were only present in half the trials, and the task was to decide whether there was a target or not. Thus, this Experiment tested whether the same pattern of lateralisation was found as in Gilbert et al. [14] when the explicit spatial component of the decision was removed. As the results from Al-rasheed [17] showed that the pattern of lateralisation was independent of reading direction, the following experiments only tested an English-speaking sample. Al-rasheed [13] establish the location of the Arabic azrock "blue"-akhdar, "green" category boundary and confirmed that the boundary was at about 7.5BG as for English [25] .
A. Method 1) Participants
Sixteen native-English-speaking undergraduates from the University of Surrey participated in this experiment. There were 4 males, with a mean age of 24 years (SD=8), and 12 females, with a mean age of 20 years (SD=6). Their ages ranged from 18 to 24 years. Based on self-report, all were right-handed and had normal colour vision as indicated by the City University Test [26] . Most of the participants participated for course credit and a few volunteered.
2) Stimuli and apparatus
As shown in Fig. 1 , three colour stimuli were used in this experiment; one green (5BG) and two blues (10BG and 5B; 
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3) Procedure
Adjacent stimuli were paired, to form one within-category pair (blue1-blue2) and one between-category pair (blue1-green1). For each pair, one stimulus was the target and the other stimulus was used for the distractors, with both stimuli in a pair appearing equally often as distractors. The target for all trials was always blue and the distractors were randomly switched between "within" (blue) and "across" (green). There were equal numbers of trials for each combination of category (within-or between-) and visual field (LVF or RVF) and the order of trials was randomised across these four conditions. In addition, target location was randomised across trials with the constraint that the target appeared equally often to the left and right of fixation. Stimuli were shown as 2.5 cm squares with 5 mm gaps between adjacent locations, appearing in locations specified by a 6×6 square grid on the display (Fig. 1) . The target appeared amongst either 3, 15 or 35 distractors on a grey background (19.47 cd/m² , 0.336, 0.344). For the 4 and 16 set sizes (distractors plus target) stimulus locations within the grid were randomly selected, but for the 36 set size, all locations were occupied (see Fig. 2 ). The experiment began with a fixation cross which remained for 100 ms to alert the participants that the trial was beginning. Then the test display followed and remained on screen for 200 ms. The next trial began when the participants had responded. There were 192 trials, 16 for each combination of category and visual field, repeated three times, once for each set size. Participants were given 10 practice trials before starting the experiment, and they took about ten minutes to complete the task.
The participants were tested individually in a dark room and sat with their head position constrained by a chin-rest, so that eye-level was at the centre of the monitor, with a viewing distance of 60 cm. Participants were informed that they would be presented with a target stimulus among a varied number of distractors and their task was to decide whether the target was to the right or to the left of fixation. Responses were made by clicking the appropriate mouse button.
B. Results
The percentage of incorrect trials was calculated for each subject, for each combination of category (within/cross) and visual field (left/right) and number of distractors (3, 15 or 35) . A three-way repeated measures ANOVA on the error rates showed that there were no significant effects. However, the number of distractors was almost significant, F(2, 28) = 3.13, p = 0.059. (means (3D) = 1.133, (15D) = 0.733, (35) = 0.917). Then, for each participant, median RTs for correct trials for each combination of category visual field and number of distractors were calculated. A three-way repeated measures ANOVA showed that there was no effect of the number of distractors nor did it interact with any other factor (maximum F = 1.01). Fig. 3 shows the mean RTs for each combination of category and visual field collapsed across the number of distractors. Although between category RTs were only about 6 ms faster than within-category RTs, this difference was significant (Means (SD) = 468.98 (73.75) ms, 474.89 (77.01 ) ms; F(1,14) = 4.73, p < 0.05). The effect of Visual Field was clearly not significant (F < 1), but the category by visual field interaction approached significance F(1,14) = 3.68, p = 0.076. The impression of an almost significant interaction was supported by paired samples t-tests (2-tailed) used to investigate the interaction. There was a significant category effect for the RVF (t(14) = 2.97, p < 0.05), but not for the LVF (t(14) = 0.41, p = 0.69). There was no significant difference across visual fields for cross-category responses (t(14) = 0.21, p = 0.84) or within-category responses (t(14) = 1.21, p= 0.26.
C. Discussion
The characteristic pattern of lateralisation of CP was found again in this experiment, although the crucial category by visual field interaction did not quite reach significance. There was clearly no category effect in the LVF, but between-category was about 15 ms faster than within-category in the RVF.
In addition, there was no suggestion that the number of distractors affected RTs, indicative of pop-out or efficient search, nor any suggestion that the number of distractors affected the pattern of lateralisation. Thus with the caveat that the category by visual field interaction was not quite significant, these data provide further support for the LH bias in colour CP.
III. EXPERIMENT 2: HEMISPHERIC ASYMMETRIES IN COLOUR CP IN A PRESENT-ABSENT TARGET DETECTION TASK

A. Method 1) Participants
Participants were twenty-four native English-speaking undergraduates recruited from the student population of the University of Surrey. There were 5 males with a mean age of 19.00 years (SD=0.71), and 19 females, with a mean age of 18.90 years (SD = 1.59), with an age range from 18 to 24 years old. Based on self-report, all were right-handed and had normal colour vision, as indicated by the City University Test [26] ; all participated for course credit, and none of them were aware of the predictions of the experiment at the time of testing.
2) Stimuli, design and apparatus
Four colours were selected for this experiment as shown in Fig. 4 . Two stimuli were blue and two were green. They varied only in Munsell hue: 10G, 5BG, 10BG and 5B, with value and chroma kept constant (6/7). The separation between stimuli was 5 hue steps (∆E ~ 15). Their CIELUV coordinates (u* v*) were: -43.64, 12.12; -45.65, -2.73; -44.83, -18.68; 39.62, 32.97. A Cambridge Research Instruments Colour Cal was used to measure CIE co-ordinates. The colour stimuli were displayed on calibrated 17 inch CRT Sony Trinitron monitor. 
3) Procedure
The target was a circle of 3 cm diameter (visual angle = 3.22º ) that appeared on a differently coloured background (40 × 30 cm) at one of twelve locations around a central fixation point, with half of to the right of fixation and half to the left of fixation (see Fig. 5 ). There were three target-background pairs: two within-category (blue1-blue2 and green1-green2) and one between category (blue1-green1). Within each pair, half the time, one was the target and the other the background, and on the other half of the trials, the relationship was reversed. There were 192 trials in total, half target present and half target absent. The 96 target present trials consisted of 24 trials for each of the combinations of visual field (LVF RVF) and category (within-between-). Trial order was randomised subject to the above constraints. The experiment was conducted in a dark room. Participants viewed the display at a distance of 60 cm, and their head was restrained by using a chin rest. They were instructed that on approximately half the trials there would be a coloured target on a coloured background. On the remaining trials, there would be no target. When there was a target, it could occur, at random, in any one of 12 locations arranged on a notional circle around the fixation cross. Their task was to decide on each trial whether the target was present or absent and to respond by pressing the left or right mouse button, as appropriate. For half the subjects, the left button indicated target present and for the other half, the right button indicated target present.
B. Results
As the main interest is in lateralised CP, I only report the analysis of target present trials; the within-between category and the visual field variables only apply to target present trials.
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International Journal of Social Science and Humanity, Vol. 6, No. 2, February 2016 In Experiment 1, lateralisation of colour CP was investigated using a visual search task where the number of distractors varied. The findings showed a trend towards the LH bias in colour CP found in previous research requiring a left-right target location decision as in Gilbert et al.'s search task, and Drivonikou et al.'s [15] . target detection task. The results showed that the pattern of lateralisation was independent of the number of distractors, confirming that, detecting a target colour amongst differently coloured distractors is a "pop-out" task, and confirming that the LH bias is invariant across basic changes in the nature of the task.
As a further extension of the range of tasks used to test the robustness of the LH bias, Experiment 2 used a target detection task, as in Gilbert et al., [14] , but with the modification that the decision required did not involve an explicit spatial component, [14] , [15] . Instead, a target was only present on half the trials, and the decision required was "target-present" versus "target-absent".
Overall, there were only 2.3% errors; too small a rate to be usefully analysed. For each participant, the median RT for correct trials, for each combination of visual field and category was calculated. Fig. 6 shows the mean RT across participants for each combination of category (within/cross) and visual field (left/right). A repeated-measures two-way ANOVA showed that between-category (mean (SD) = 558 (65.13) ms) was about 21 ms faster than within-category (mean (SD) = 579 (73.71) ms; F(1.23) = 27.83, p < 0.001). From Fig. 6 , it appears that the interaction probably reflects a category effect in the RVF while there is probably no LVF category effect. Paired sample t-tests supported this impression: RVF, t(25) = 3.85, p < 0.001; LVF, t(25) = 0.82, p = 0.42. Additionally, the main reason for the difference in the CP in the two visual fields seems to be due to the particularly high LVF RTs: there was no significant visual field effect for between-category, (t(25) = 1.63, p = 0.12) whereas there was for within-category (t(25) = 5.62, p < 0.001).
C. Discussion
The resuls mirrored the finding of previous experiments where discrimination of pairs of colour from different lexical categories (blue and green) was faster than pairs from the same lexical category (different shades of blue), particularly when the two colours were presented to the RVF (LH).
The aim of the experiment was to replicate the original finding of LH lateralised colour CP using a task that varied in design and instructions to the tasks used in previous research. Participants were asked to decide if there was a target on a different coloured background, without taking into account the target location, when there was a target on just half of the trials. Response times showed the size of the category effect was significantly larger for the RVF than for the LVF suggesting that LH bias for CP still occurs when no explicit spatial decision is required. This result provides converging evidence that colour CP is lateralised to the RVF (LH).
IV. GENERAL DISCUSSION OF THE CHAPTER
The overall aim of the experiments presented in this paper was to assess whether previous findings of LH lateralised colour CP are independent of reading direction, the number of distractors and the nature of the target-decision. In brief, the "robustness" of the effect. The previous studies that found LH colour CP, [14] , [15] , [18] , [20] , [22] , [24] have all tested participants who read left-to-right scripts (or top to bottom scripts), but participants who read from right-to-left had not been tested. Reading direction affects the pattern of lateralisation on a range of perceptual tasks [27] - [32] , so it was plausible that reading direction could affect the lateralisation of colour CP. This hypothesis was tested by Al-rasheed et al. [17] by testing the lateralisation of blue-green colour CP in Arabic participants. The lateralisation of colour CP was investigated in A-rasheed for English and Arabic speakers -two groups of participants who differ in their reading direction. A visual search task with an RT measure and a target detection task with an initiation time eye-movement measure have been used. It was found that both groups had colour CP that was stronger in the LH than the RH. This confirms the robust nature of the lateralisation of colour CP to the LH.
Lateralised colour CP was also tested in Experiments 1 and 2 in the current study using two types of task that were different to the tasks used in previous research, [14] - [17] , [22] - [24] . This allowed a further check on the robustness of the LH category bias. There was a significant LH bias in colour CP on a present/absent target detection task. However, on a visual search task where stimuli were shown in a grid array with a varying number of distractors, there was only a trend for a LH bias. This may suggest that some tasks are better than others at eliciting LH colour CP bias. However, the overall impression from this set of experiments is that LH colour CP is a robust effect that generalises across participants with different reading directions and across different types of visual search and target detection tasks.
In summary, the present results of this paper revealed LH lateralisation of colour CP. The LH bias in colour CP appears not to be affected by reading direction as in Al-rasheed [18] , and the effect is found (or there is a trend for the bias) on a range of different visual search and target detection tasks.
